The traditional power law model, W(L) = aL b , is widely applied to describe weight (W) vs. length (L) in fish. The exponent, b, is independent of the system of units and has an easily interpreted physical meaning as related to isometric growth (b = 3). In contrast, the coefficient, a, depends strongly on both the exponent and the system of units, and its physical meaning is difficult to interpret. It has been suggested that unit conversions and lack of a physical meaning may have contributed to errors in length-weight parameters at FishBase.org and other widely cited sources.
I. Introduction
The traditional power law model, W(L) = aL b , finds widespread application for length-weight relationships in fish. Taking the logarithm of both sides in this equation allows estimation of best-fit parameters by means of linear least-squares regression. (Anderson and Neumann 1996) Alternatively, the parameters can be estimated by the Levenberg-Marquardt non-linear least-squares method. The exponent, b, in this model is independent of the system of units and has an easily interpreted physical meaning as related to isometric growth for b = 3. (Pauly 1984) In contrast, the coefficient, a, depends strongly on both the exponent and units, and its physical meaning is difficult to interpret. It has been suggested that unit conversions and lack of a clear physical meaning may have contributed to widespread errors in length-weight parameters at FishBase.org. (Cole-Fletcher 2011) The alternate model, W(L) = (L/L1) b , is proposed as an improvement. The Levenberg-Marquardt nonlinear least-squares technique is used to determine the best-fit parameters L1 and b. This model has 1 
II. Method
Fish samples were obtained by sport angling. Fish were relatively easy to catch at rates of 2-5 fish per hour by trolling crank baits at 1-2 km per hour behind a boat and by fishing using small bait fish ("shiners" and small "sunfish" caught at the site) 1-5 m below a bobber. The fish were then weighed and measured from the foremost lip to the fork in the tail. is used and the best-fit parameters are determined with the LevenbergMarquardt non-linear least-squares algorithm. This approach has the advantages of equal weighting (or more easily controlled weighting) for all the data points in the sample, smaller covariance between the two model parameters, and an easily interpreted physical meaning. The parameter L1 has the same units of length as used in the model, and its physical meaning is the typical length of the fish that has one unit of weight. If weight is measured in kg, then L1 is the typical length of a fish that weights 1 kg. If desired, the equivalent parameter a can then obtained by simple algebra.
Fish were also compared with the standard weight curve generated from length-weight parameters in Anderson and Neumann (1996) or Bister et al. (2000) . This comparison requires converting total length (TL) in the standard weight curve to fork length (FL) by dividing by an appropriate factor.
Demonstrating an Improved Length-weight Model in Largemouth Bass, Chain Pickerel, Yellow Perch, Black Crappie, and Brown Bullhead in Stilwell Reservoir, West Point, New York
Brown bullhead were easily caught near dusk or after dark angling from the bank with small bait fish or the occasional nightcrawler. Age was not determined. The weight vs. length for brown bullhead is shown in Figure 5 . The brown bullhead data are not as tightly grouped as other fish. Consequently, the correlation coefficient is r = 0.670, which means the model does not fit the data as well. The best fit parameters have large standard errors; the standard error in the typical length (L1) (6) with r = 0.817. The typical fillet yield is 22.5%, and plotting the residual errors suggests despite less uniformity in yield than other species, yield percentage is independent of total weight. Table 1 shows that the parameter L1 in the improved model has units of cm and yields values that are in line with reasonable expectations regarding the length of a 1 kg fish of each type. Standard errors for L1 in the improved model vary from 0.9% (largemouth bass) to 15.0% (brown bullhead). In contrast, the parameter a in the traditional model varies considerably, depending on whether LLS or NLLS estimation methods are used and has much larger standard errors, which vary from 68.5% to 164.0% when a is determined by NLLS and from 60.2% to 136.5% when determined by the LLS after taking the logarithm of both length and weight to obtain a linear equation. Best-fit values of the parameter b depend on whether the estimation is LLS or NLLS, as shown in Table 2 . The covariance between parameters a and b is very close to -1 in the traditional lengthweight model, showing a strong relationship between the two: decreasing one parameter significantly increases the other for the model to remain close to the data. Covariances between parameters b and L1 are all greater in magnitude than 0.5, also showing strong dependence, though not as close to 1 as in the traditional model. 
Comparisons of Models and Fitting Method

IV. Discussion
In the test cases considered here, the improved length-weight model produces realistic values for the typical length parameter, smaller magnitude covariances between parameters, and much smaller standard errors in the non-exponent parameter. The traditional power law length-weight model seems like an artifact from a time before widespread implementation of NLLS algorithms on digital computers. Many papers using the traditional power law model fail to describe whether parameters are determined by LLS or NLLS methods, even though these can yield different parameter estimates. , could be used for species where it makes the most sense to have a typical length parameter correspond to a fish weighing 10 g, 100 g, and 1000 g, respectively.
One could argue that fisheries science is doing fine describing length-weight relationships with the traditional model. However, recently discovered errors in length-weight parameters at FishBase.org (Cole-Fletcher et al. 2011) , an on-line database of fish related data with over 1500 citations, suggest some benefit to a typical length parameter where absurd values can be spotted by simple inspection because of its clear physical meaning.
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